DESCRIPTION 



ADHESIVE MATERIAL, PRESSURE SENSITIVE ADHESIVE FILM 
AND METHOD OF USE THEREOF 

TECHNICAL FIELD 
The present invention relates to an adhesive material, a pressure sensitive 
adhesive film and a method of use thereof. 

BACKGROUND ART 

In "Handbook of Pressure Sensitive Adhesive Technology, first published by 
The Nikkan Kensetsu Kogyo Shimbun on March 31, 1997" compiled by Donatas Satas 
and translated by Hirsohi Mizumachi, as an adhesive material, there have been 
disclosed a natural rubber type adhesive agent, a styrene/butadiene latex type 
adhesive agent, a thermoplastic rubber, an ABA block copolymer, a butyl rubber, an 
acrylic type adhesive agent, acrylic type dispersion modification, a vinyl ether polymer, 
a silicone rubber type adhesive agent, a styrene/butadiene rubber, a 
butadiene/acrylonitrile rubber, polyisobutylene, polybutadiene, polychloroprene, 
polyurethane, an ethylene/vinyl acetate copolymer, atactic polypropylene and the like. 
In particular, there has been mentioned that the acrylic type adhesive agent or rubber 
type adhesive agent is widely used for various applications. 

As an adhesive film, there have been developed various types of adhesive 
films with an acrylic type adhesive agent or a rubber type adhesive agent coated on a 
base material film made of polyvinyl chloride, polyethylene terephthalate (PET), 
polyimide, polyolefin and the like. Examples of an adhesive agent which has 
conventionally been used include an acrylic type adhesive agent having an enhanced 
cohesive force obtained by crosslinking an acrylic type copolymer with a reactive 
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material such as an isocyanate compound, a methylol compound or the like, a aibber 
type adhesive agent in which a natural rubber or modified natural rubber is combined 
with a low molecular weight material such as a tackifier, and the like. However, when 
the acrylic type adhesive agent is repeeled away, there is a problem in that an 
adhesive residue on an adherend, deformation, discoloration or the like easily occurs 
under the influence of the reactive material, unreacted acrylic acid or the like. 
Furthermore, the rubber type adhesive agent has a problem in that adhesive residue 
easily occurs due to the low molecular weight material such as a tackifier or the like. 

In "Hitachi Chemical Technical Report, Vol. 32, pp. 7-14 (2002)" written by 
Matsuoka, there has been described a surface protecting adhesive film to be used in 
relation to the display in which high performance and high functionality are required. 
Among these adhesive films, as an adhesive film for protecting a surface of a prism 
sheet used for a liquid crystal display (LCD), there has been reported an adhesive film 
product satisfying the requirements such that the adhesive film is not peeled away from 
the uneven surface of the prism sheet and is easily peeled away therefrom after use. 
Furthermore, in "Hitachi Chemical Technical Report, Vol. 41, pp. 23-26 (2003)" written 
by Simane et al., there has been reported an adhesive film which is stabilized to such 
an extent that the shear elastic modulus G' in the range of 50°C to 100°C is around 2 to 
3 MPa. Furthermore, there has been introduced a case of developing an adhesive 
film in which high performance and high functionality are required, such as optically 
functional sheets or the like, by suppressing the increase of adhesion under heating at 
SOX after 7 days to about 1.3 to 1 A times. 

In Japanese Patent Application Laid-Open No. 2003-213485, there has been 
disclosed an adhesive film in which an adhesive agent comprises a propylene type 
copolymer obtained from copolymerization components containing propylene, a-olefin 
having 4 to 12 carbon atoms and ethylene, and which does not have an endothermic 
peak of not less than 1 J/g when measured by DSC. There has been described that 
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the aforementioned specific propylene type copolymer has excellent initial 
adhesiveness and is superior in immersion resistance to a plating solution and 
resistance to corrosion, as compared to conventional acrylic type adhesive agents. 
However, the adhesive film has been evaluated only by attaching it to a copper foil, 
allowing to stand at 40°C and 92% RH for 3 days for peeling away, and then visually 
observing an adhesive residue on the copper foil and discoloration, whereas 
contamination of the adhesive film assuming use environments such as a temperature 
for treating actual plating, a chemical solution or the like has not been evaluated. 

Further, in Japanese Patent Application Laid-Open No. 1999-315175, 
syndiotactic/atactic block polypropylene and a method of using thereof have been 
disclosed. However, an adhesive material and an adhesive film are not described 
therein. 

Further, in Japanese Patent Application Laid-Open No. 1995-233354, there 
has been disclosed an adhesive film using an adhesive material comprising an a-olefin 
copolymer having 2 to 12 carbon atoms with the degree of crystallinity of not more than 
10%. There has been described that the adhesive film has advantages such that 
initial adhesive strength at room temperature is high and a change with time in the 
adhesive strength after attachment is small, therefore it is suitable for surface 
protection uses of a metal plate, a resin plate or a glass plate, and a change in the 
adhesive strength under warming and heating does not occur, assuming during a 
period of transportation or storage. However, there have not been described 
performance and qualities of an adhesive material required for various uses other than 
surface protection uses and transport storage uses in the fields of 
electronic/semiconductor materials, optical/display materials and the like where 
demands for peri'ormance or qualities are strict. 

Patent Document 1: Japanese Patent Application Laid-Open No. 2003-213485 
Patent Document 2: Japanese Patent Application Laid-Open No. 1999-315175 
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Patent Documents: Japanese Patent Application Laid-Open No. 1999-315175 
Patent Document 4: Japanese Patent Application Laid-Open No. 1995-233354 
Non-Patent Document 1: Handbook of Pressure Sensitive Adhesive 
Technology first published by The Nikkan Kensetsu Kogyo Shimbun on March 31, 1997 
Non-Patent Document 2: Hitachi Chemical Technical Report, Vol. 32, pp. 7-14 

(2002) 

DISCLOSURE OF INVENTION 

An object of the present invention is to provide an adhesive material exhibiting 
excellent stability against not only light and heat but also various chemicals, and having 
excellent repeeling properties, an adhesive film using the adhesive material and a 
method of using thereof. More specifically, an object of the present invention is to 
provide an adhesive material combining performances and qualities required for 
surface protection uses, transport storage uses, treatment uses with a chemical 
solution, heating treatment uses, grinding/polishing uses and cutting processing uses in 
the fields of electronic/semiconductor materials, optical/display materials and the like, 
where demands for performance and qualities are strict, an adhesive film using the 
adhesive material and a method of using thereof. 

In order to solve the above objects, the present inventors have repeatedly 
conducted an extensive study and, as a result, have found that an olefinic polymer 
having specific thermal characteristics exhibited excellent properties as an adhesive 
material. They have further found that an adhesive film in which such kind of 
adhesive material was laminated on a base material layer combined the characteristics 
which are contradictory to each other, i.e., adhesive properties at low temperatures and 
heat resistant properties, and had excellent stability against not only light and heat but 
also liquid chemicals such as a plating solution, an etching solution or the like. Further, 
they have found that, in a method of using the adhesive film, even when the adhesive 
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film is used for various applications such as electronic/semiconductor materials, 
optical/display materials and the like, it substantially caused no contamination due to 
an adhesive residue after repeeling and satisfied performance and qualities required 
for an adherend. Thus, the present invention has been completed. 
That is, a first invention is: 

(1) An adhesive material satisfying the following requirements (a) and (b): 

(a) the adhesive material comprises at least one kind of an olefinic polymer; 

and 

(b) by measurement according to a differential scanning calorimetry test, the 
melting temperature Tm is in the range of 80°C to 180°C and the heat effusion AH is at 
least 1 J/g. 

(2) The adhesive material further satisfying the following requirement (c) is a 
preferred embodiment in terms of maintaining adhesion from room temperature to the 
temperature at a heating treatment: 

(c) in the viscoelasticity test, the storage elastic modulus G' at a temperature 
range of 20°C to 80°C is in the range of 0.1 to 50 MPa while the loss coefficient tan 6 at 
a temt3erature range of 20°C to 80^'C is at least 0.05. 

(3) The adhesive material further satisfying the following requirement (d) is a 
preferred embodiment as it is well wetted by an adherend and easy to tightly attach 
thereto at room temperature: 

(d) the peak of the loss coefficient tan 5 is in the range of -20'*C to +10°C. 

(4) The olefinic polymer containing a copolymer having tacticity (hereinafter 
referred to as PX) obtained by polymerizing 90 to 60 mole % of a propylene component 
with 10 to 40 mole % of at least one olefin component selected from ethylene and 
olefins having 4 to 12 carbon atoms is a preferred embodiment from the viewpoint that 
the adhesive material can be peeled away without contaminating the adherend due to 
high cohesive force and that an adhesive layer can easily be formed. 
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(6) The adhesive material further comprising an additional olefinic polymer 
(hereinafter referred to as PY), wherein the additional olefinic polymer (PY) is a 
polypropylene having the same tacticity as the copolymer having tacticity (PX), and 
wherein the polymer ratio {(PX)/(PY)} is in the range of a weight ratio of 99/1 to 40/60 is 
a preferred embodiment as heat stability of adhesion is excellent 

A second invention is: 

(6) An adhesive film with an adhesive material layer laminated on at least one 
surface of a base material layer, wherein the adhesive material layer satisfies the 
following requirements (a) and (b): 

(a) the adhesive material layer comprises at least one kind of olefinic polymer; 

and 

(b) by measurement according to a differential scanning calorimetry test, the 
melting temperature Tm is in the range of 80°C to 180°C and the heat effusion AH is at 
least 1 J/g. 

(7) The adhesive material layer further satisfying the following requirement (c) 
is a preferred embodiment in terms of maintaining adhesion from room temperature to 
the temperature at a heating treatment: 

(c) the storage elastic modulus G' at a temperature range of 20*^0 to 80**C is in 
the range of 0,1 to 50 MPa while the loss coefficient tan 5 at a temperature range of 
20°C to 80°C is at least 0.05. 

(8) The adhesive material layer further satisfying the following requirement (d) 
is a preferred embodiment as it is well wetted by an adherend and easy to attach 
thereto at room temperature: 

(d) the peak of the loss coefficient tan 5 is in the range of -20°C to +10°C. 

(9) The olefinic polymer of the adhesive material layer containing a copolymer 
having tacticity (hereinafter referred to as PX) obtained by polymerizing 90 to 60 
mole % of a propylene component with 10 to 40 mole % of at least one olefin 
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component selected from ethylene and olefins having 4 to 12 carbon atoms is a 
preferred embodiment from the viewpoint that the adhesive film can be peeled away 
without contaminating the adherend due to high cohesive force and that an adhesive 
layer can easily be formed. 

(10) The adhesive film further comprising an additional olefinic polymer 
(hereinafter referred to as PY), wherein the additional olefinic polymer (PY) is a 
polypropylene having the same tacticity as the copolymer having tacticity (PX), and 
wherein the polymer ratio {(PX)/(PY)} is in the range of a weight ratio of 99/1 to 40/60 is 
a preferred embodiment as heat stability of adhesion is excellent; 

(11) The adhesive film having the total content of each ion extracted by pure 
water of not more than 1 ppm is a preferred embodiment as it does not cause 
deformation and discoloration of an adherend. 

(12) A base material layer and an adhesive material layer of the adhesive film 
being formed into a film by a co-extrusion method is a preferred embodiment because 
an adhesive film is obtained without using a solvent and interlayer adhesion between 
the adhesive layer and the base material layer is excellent. 

A third invention relates to: 

(13) A method of using the adhesive film which comprises using the adhesive 
film for surface protection in combination of at least one application selected from 
treatment with a chemical solution, heating treatment, grinding processing, polishing 
processing, cutting processing and transport storage. 

The adhesive material and the adhesive film using the same of the present 
invention have excellent adhesive properties and heat resistance. That is, it is 
possible to provide an adhesive film which has a high temperature heat resistance near 
the heat of fusion Tm if the time period is short and heat stability under the conditions 
assuming the use in transport/storage over a long period of time or the use under 
pressurizing. Furthermore, the adhesive material and the adhesive film using the 
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same of the present invention are excellent in chemical resistance against an acid, an 
alkali or the like, made of environment-friendly materials, excellent in energy-saving, 
excellent in stability against light, excellent in transparency, easily given a function by 
compounding with other materials due to various properties, and does not substantially 
contain any corrosive ion or metal ion. Therefore, it is possible to provide an adhesive 
film which is suitable in the fields of electronic/semiconductor materials, optical/display 
materials and the like where high performance and qualities are demanded. 

BRIEF DESCRIPTION OF DRAWINGS 

Fig. 1 is a cross-sectional view illustrating an embodiment of the adhesive film 
according to the present invention comprising a base material layer 1 and an adhesive 
material layer 2 laminated on the surface of the base material layer 1 . 

Fig. 2 is a cross-sectional view illustrating an embodiment of the adhesive film 
according to the present invention being made of a base material layer 1 comprising an 
intermediate layer 3 and an outer layer 4, and an adhesive material layer 2 laminated 
on one surface of the intermediate layer 3. 

Fig. 3 is a cross-sectional view illustrating another embodiment of the 
adhesive film according to the present invention. A base material layer 1, an adhesive 
material layer 2 laminated on the surface of the base material layer 1 and a peeling film 
5 on the side of the adhesive material layer 2 are provided. 

Fig. 4 is a cross-sectional view illustrating another embodiment of the 
adhesive film according to the present invention. The adhesive film is made of a base 
material layer 1 comprising an intermediate layer 3 and an outer layer 4 and an 
adhesive material layer 2 laminated on the surface of the intermediate layer 3. A 
peeling film 5 is provided on the side of the adhesive material layer 2. 

Fig. 5 is a perspective view illustrating a state of an adhesive film 10 of the 
present invention being wound around a roll 6 for storage. 
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Fig. 6 is a perspective view illustrating a state of the adhesive film 10 of the 
present invention with a peeling film 5 attached on a side of an adhesive material layer 
2 and being wound around a roll 6 for storage. 

Fig. 7 is a chart showing the measurement according to a DSC test, where 
sPER/sPP = 80/20. 

Fig. 8 is a chart showing the measurement according to the DSC test, where 
sPER/sPP = 90/10. 

Fig. 9 is a chart showing the measurement according to the DSC test, where 
iPEBR/iPP = 90/10. 

Fig. 10 is a chart showing the measurement according to the DSC test, where 
sPER = 100 used in Comparative Examples. 

Fig. 11 is a picture observed by a TEM, where sPER/sPP = 80/20. 

BEST MODE FOR CARRYING OUT THE INVENTION 
The adhesive material of the present Invention will now be described in more 

detail. 

The adhesive material of the present invention contains an oleftnic polymer. 

The olefinic polymer has a property of hardly entraining a corrosive ion, a 
metal ion or the like which can generally become a deteriorating factor and a reduced 
effect on the environment, and is also inexpensive. Therefore, the olefinic polymer 
has properties suitable for the adhesive material of the present invention. In the 
present invention, the olefinic polymer refers to an olefin homopolymer, a copolymer, a 
block copolymer and an olefinic polymer composition comprising two or more 
components thereof in some cases. Additionally, in the present invention, ethylene is 
regarded as a sort of a-olefin. 

Concrete examples of the olefinic polymer include ethylene type polymers. 
More concrete examples thereof include ethylene type copolymers comprising various 
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vinyl compounds such as a-olefins having 3 to 20 carbon atoms, styrene, vinyl acetate, 
(meth)acrylic acid, (meth)acrylate and the like as a comonomer, in addition to low 
density polyethylene, linear low density polyethylene, medium density polyethylene and 
high density polyethylene. 

Furthermore, examples thereof include a propylene homopolymer and a 
propylene type copolymer obtained by copolymerizing propylene with ethylene or an a- 
olefin having 4 to 20 carbon atoms. The propylene type polymer may be a random 
copolymer or a block copolymer. Further, examples thereof include a-olefin polymers 
having 4 or more carbon atoms such as butene, 4-methylpentene and the like, though 
the olefinic polymer of the present invention is not limited to the above compounds. 
The aforementioned polymer can be used singly or in combination of two or more kinds. 

Of these compounds, an olefinic polymer preferably comprises an a-olefin 
copolymer having major unit components of at least two kinds of a-olefins selected 
from a-olefins having 2 to 12 carbon atoms from the viewpoint of exhibition of adhesion. 
Adhesion is a property which is shown from viscoelasticity having both liquid-like and 
solid-like properties in a room temperature range. Namely, at the time of attachment, 
a viscous property becomes prevailing because of the low speed deformation and this 
viscous property has influence on properties of tightly adhering to the unevenness of 
an adherend. At the time of peeling away, an elastic property becomes prevailing 
because of high speed deformation, influencing the adhesive force to an adherend and 
easiness of repeeling. 

Examples of a-olefin having 2 to 12 carbon atoms include ethylene, propylene, 
1-butene, 1-pentene, 3-methyl-1 -butene, 1-hexene, 4-methyl-1-pentene, 3-methyM- 
pentene, 1-pentene, 1-octene, 1-decene, 1-dodecene and the like. Examples of a 
combination which are superior in adhesive aptitude at not more than 80°C include an 
ethylene/propylene copolymer, an ethylene/1 -butene copolymer, a terpolymer of 
propylene/1 -butene/a-olefin having 5 to 12 carbon atoms, a terpolymer of 
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ethylene/propylene/a-olefin having 4 to 12 carbon atoms, a terpolymer of propylene/1- 
butene/a-olefin having 5 to 12 carbon atoms and the like. Of these components, a 
propylene type copolymer comprising propylene as a main component is preferable. 
The proportion of each monomer component forming the propylene type copolymer is 
not particularly limited. However, in order to achieve good adhesion, the molar ratio 
between the structure unit derived from propylene and the structure unit derived from 
the olefin other than propylene is preferably in the range of 1:2 to 20:1, and more 
preferably in the range of 2:3 to 10:1. 

As described above, the olefinic polymer to be used for the adhesive material 
of the present invention can also be used in combination of two or more kinds. In 
particular, when heat resistance is valued, a composition of a crystalline olefinic 
polymer and an olefinic polymer which is excellent in adhesion in its structure is a 
preferred embodiment. This composition may, of course, be an olefinic block 
copolymer. 

Concrete examples of the above composition include propylene type 
copolymer compositions. More specifically, a propylene/olefin copolymer having 
tacticity (PX), in which 90 to 60 mole % of the propylene component showing 
syndiotacticity or atacticity and 10 to 40 mole % of at least one olefin component 
selected from ethylene and olefins of 4 to 12 carbon atoms are contained, is more 
preferable. When the propylene component exceeds 90 mole %, necessary adhesion 
is lost in some cases. On the other hand, when it is less than 60 mole %, necessary 
cohesive force is lost and an adhesive residue is easily generated in some cases. 

Furthermore, it is preferable to contain a propylene/olefin copolymer having 
tacticity (PX) and polypropylene having the same tacticity (PY). 

Examples of the tactic polypropylene (PY) include syndiotactic polypropylene 
and isotactic polypropylene, either of which can suitably be used since they exhibit 
crystallinity. Furthermore, it is more preferable when the tacticity of the propylene 
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chain in the propylene/olefin copolymer (PX) and the tacticity of polypropylene (PY) are 
of the same kind (that is, a syndiotactic structure or an isotactic structure), the alloy 
structure of the composition becomes easy to form a miscible structure that is finer 
than 0.1 |j, both advantages of adhesive properties of the propylene/olefin copolymer 
(PX) and heat resistance of polypropylene (PY) can be maximized, and further, 
transparency can also be exhibited. 

Tacticity of the propylene/olefin copolymer (PX) or polypropylene (PY) is 
determined by using a ''^C-NMR measurement as described, for example, in Japanese 
Patent Application Laid-Open No. 1995-48417 or Japanese Patent Application Laid- 
Open No. 2003-48286. The syndiotacticity or isotacticity is a tacticity viewed from a 
triad chain of a propylene chain. It is usually not less than 0.6 and preferably not less 
than 0.7, within which the rate of crystallization is high, and film-forming processability 
is excellent. The polymerization methods of the olefinic polymer showing tacticity are 
described, for example, in Japanese Patent Application Laid-Open No. 1996-301934, 
Japanese Patent Application Laid-Open No. 1997-12635, Japanese Patent Application 
Laid-Open No. 2003-48286 and the like. However, all known methods can be 
employed. 

The weight ratio {(PX)/(PY)} of the propylene/olefin copolymer (PX) and 
polypropylene (PY) is preferably in the range of 99/1 to 40/60, more preferably in the 
range of 97/3 to 50/50 and further preferably in the range of 95/5 to 60/40. When the 
weight ratio {(PX)/(PY)} is greater than 99/1 , heat resistance of polypropylene is not 
exhibited in some cases. On the other hand, when the weight ratio {(PX)/(PY)} is 
smaller than 40/60, necessary adhesion is lost in some cases. 

The adhesive material of the present invention usually contains the olefinic 
polymer of not less than 40 weight %, preferably not less than 60 weight % and more 
preferably not less than 80 weight %. 

The melting temperature Tm and the heat of fusion AH of the adhesive 
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material are obtained by the measurement according to a differential scanning 
calorimetry test. The melting temperature Tm is a temperature of the endothermic 
peak considered to be based on melting of a crystal. The heat of fusion AH is 
obtained from the endothermic peak existing in the range of 80°C to 180°C, which is at 
least 1 J/g, preferably at least 2 J/g and more preferably at least 4 J/g. The adhesive 
material of the present invention becomes an adhesive material having heat resistance 
by selecting the kinds thereof being capable of satisfying the melting temperature Tm 
(°C) and the heat of fusion AH of the aforementioned endothermic peak. 

When the melting temperature Tm is less than 80''C, heating treatment at not 
less than 80°C or transport/storage for a long period of time might cause increase in 
adhesion or a trouble such as an adhesive residue. On the other hand, when the 
melting temperature Tm is higher than 180°C, a special device for heating/attaching at 
more than 100°C might be needed, and in case of the olefinic polymer, properties as an 
adhesive material might not be achieved. 

The storage elastic modulus G' and the loss coefficient tan 5 of the adhesive 
material according to the present invention are measured by a viscoelasticity test. 
The storage elastic modulus G' in a temperature range of 20°C to 80**C is preferably in 
the range of 0.1 to 50 MPa, more preferably from 0.5 to 30 MPa and further preferably 
from 1 to 20 MPa. 

The temperature range in which the adhesive material of the present invention 
is used for various applications is usually from 20°C to SO^'C. When the storage 
elastic modulus G' is less than 0.1 MPa in this temperature range, an adhesive residue 
after repealing might easily be generated on an adherend in some cases. Further, in 
the temperature range of 20°C to 80°C, when the storage elastic modulus G' exceeds 
50 MPa, tight adhesion to an adherend is not fully obtained in some cases. 

The loss coefficient tan 5 of the adhesive material of the present invention is 
preferably at least 0.05 in the temperature range of 20°C to 80°C and more preferable 
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lower limit is 0.1. If the loss coefficient tan 6 is not less than 0.05, when heating and 
cooling are repeatedly carried out, the adhesive material is strong against a stress 
generated from a difference between expansion of the adherend and the adhesive 
material or a stress such as an unexpected impact or the like. For this reason, the 
adhesive material of the present invention achieves high reliability in various uses in 
the fields of electronic/semiconductor materials, optical/display materials and the like 
where demands for performances and qualities are strict. The maximum tan 6 of the 
adhesive material of the present invention is generally in the range of 0.5 to 2. 

Meanwhile, when the loss coefficient tan 5 is less than 0.05, in case of an 
adherend which is highly sensitive to a stress such as an electronic device, an organic 
electroluminescent (EL) device or the like, peeling or a trouble in the adherend and the 
like might occur due to a difference in the expansion coefficient of the adherend and 
the adhesive material, a stress or an impact caused by warpage, or the like, in some 
cases. 

The peak of the loss coefficient tan 5 of the adhesive material of the present 
invention is preferably in the range of -20°C to +10°C from the viewpoint of enhancing 
the adhesive property or repeeling property at around room temperature. When the 
peak of the loss coefficient tan 5 is lower than -20°C, in case of repeeling at around 
room temperature, the peeling property might be worsened. Further, when the peak 
of the loss coefficient tan 5 is higher than +10°C, in case of attaching at around room 
temperature, a failure in adhesion might occur. 

Incidentally, the storage elastic modulus G' and the loss coefficient tan 5 are 
calculated by the viscoelasticity tests in conformity with "Plastics - Determination of 
dynamic mechanical properties", specified in JIS-K7244, where the storage elastic 
modulus G' and loss elastic modulus G" are measured, then the loss coefficient tan 5 is 
calculated by substituting the storage elastic modulus G' and the loss elastic modulus 
G" into a relational expression: tan 5 = G" / G\ 
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The adhesive material of the present invention can also contain components 
such as a thermoplastic elastomer, a cooligomer of ethylene and other a-olefin, a 
synthetic resin or the like, to such an extent that the object of the present invention is 
not damaged. With these components, for example, a softening temperature can be 
adjusted with respect to an adhering temperature, and an adhesive aptitude in the use 
environment temperature (near 20°C to 80°C) can be adjusted. 

Examples of the thermoplastic elastomer include a polystyrene type elastomer, 
a polyolefin type elastomer, a polyamide type elastomer, a polyurethane type elastomer, 
a polyester type elastomer and the like. Of these compounds, in order to improve 
flexibility or adhesive properties while maintaining the moisture content and ion content 
at a low level, a polystyrene type elastomer and a polyolefin type elastomer are 
preferable. 

Examples of the polystyrene type elastomer include a slyrene-isoprene- 
styrene block copolymer (SIS), a styrene-ethylene/butylene-styrene block copolymer 
(SEBS), a styrene-ethylene/propylene-styrene block copolymer (SEPS), other 
styrene/diene type block copolymers, hydrogenated polymers thereof or the like. 
Concrete examples of SIS include a commercial product available under the registered 
trade name JSR SIS from JSR Corporation, a commercial product available under the 
registered trade name Claytone D from Shell Chemicals Japan Ltd. and the like. 
Further, concrete examples of SEPS include a commercial product available under the 
registered trade name Septone from Kuraray Co., Ltd. and the like. 

As the polyolefin type elastomer, a block copolymer of a polyolefin block 
forming a highly crystalline polymer such as polypropylene to be a hard part and a 
copolymer block being amorphous to be a soft part can be cited. Concrete examples 
thereof include an olefin (crystalline)/ethylene/butylene/olefin (crystalline) block 
copolymer, a polypropylene/polyethyleneoxide/polypropylene block copolymer, a 
polypropylene/polyolefin (non-crystalline)/polypropylene block copolymer and the like. 
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Concrete examples thereof include a commercial product available under the 
registered trade name DYNARON from JSR Corporation. 

The cooligomer of ethylene and a-olefin is usually a liquid type at room 
temperature. Examples of a-olefin include a-olefins having 3 to 20 carbon atoms such 
as propylene, l-butene, 1-pentene, 1-hexene, 1-octene, 1-decene, 1-dodecene, 1- 
tetradecene, 1-hexadecene, 1-octadecene, 4-methyl-1-pentene and the like. Among 
these, a-olefins having 3 to 14 carbon atoms are preferable. Concrete examples 
thereof include a commercial product available under the registered trade name 
LUCANT from Mitsui Chemicals, Inc. 

Further, the synthetic resin is preferably a non-halogenated resin. Concrete 
examples thereof include polyether, polyamide, polyurethane, polyester, polycarbonate 
and the like. 

The adhesive material of the present invention may further contain various 
minor components to such an extent that the object of the present invention is not 
damaged. For example, a plasticizer such as a liquid butyl rubber, a tackifier such as 
polyterpene and the like may be contained. 

Further, the adhesive material of the present invention may contain various 
additives which are generally blended in with an olefinic polymer. For example, 
various UV absorbers, antioxidants, heat-resistant stabilizers and the like may be 
contained. 

It is preferable to select the type of the additives to be used for the adhesive 
material of the present invention and minimize the amount thereof lest it exert bad 
influences in various uses in the fields of electronic/semiconductor materials, 
optical/display materials and the like. 

It is preferable that minor components or additives are contained in the sea 
comprising the olefinic polymer, because stability of the olefinic polymer against not 
only heat and light but also chemicals can be exhibited. The content thereof is 
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preferably not more than 40 weight % and more preferably not more than 20 weight %, 
based on the adhesive material. 

A method for producing an adhesive material is not particularly limited and 
exemplified by a method in which crystalline olefinic polymer and an olefinic polymer 
which is excellent in adhesion in its structure are mixed by using a ribbon blender, a V 
blender, a Henschel mixer, a super mixer, a tumbler mixer or the like, and melt- 
kneaded by using a single-screw extruder, a double-screw extruder, a kneader, a 
bunbary mixer or the like, melt-stranded, cooled, then cut and molded in the shape of 
pellets, or a method in which the melt-kneaded product is cooled and pulverized. 

The adhesive film according to the present invention will now be illustrated in 
more detail with reference to the accompanying drawings. Incidentally, in all of the 
drawings, the same or corresponding parts are expressed by the same symbols. 

The adhesive film 10 of the present invention is an adhesive film 10 in which 
an adhesive material layer 2 comprising the adhesive material of the present invention 
is laminated on at least one surface of a base material layer 1 . 

Further, the adhesive film 10 of the present invention may contain various 
additives which are generally blended in this type of a film. For example, various UV 
absorbers, antioxidants, heat-resistant stabilizers and the like may be contained. 

It is preferable that the type of minor components or additives to be used for 
the adhesive material layer 2 of the present invention is selected and the amount 
thereof is minimized so as not to increase the ion content which exerts bad influences 
in various uses in the fields of electronic/semiconductor materials, optical/display 
materials and the like. 

The thickness of the adhesive material layer 2 is not particularly limited. The 
thickness is usually from about 0.001 to 2 mm and preferably from about 0.005 to 1 
mm in consideration of adhesive strength, tight adhesion to the surface unevenness of 
an adherend and the like required depending on the intended use. 
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The base material layer 1 Is not particulariy limited, and various thinned 
products can be used. Examples of the constituent component include synthetic 
resins such as a polyolefin type resin, a polyester type resin, a poiyamide type resin 
and the like, and metals such as copper, aluminum, SUS and the like, a natural resin, 
paper and the like, which can be used singly or in combination thereof. 

The constituent component of the base material layer 1 preferably comprises 
particularly an olefinic polymer as a main component from the viewpoint that the 
olefinic polymer combines the strength for fixing and maintaining an adherend and 
softness responsive to the shape of an adherend, it is inexpensive and excellent in 
energy-saving, it is excellent in stability against chemicals such as an acid, an alkali or 
the like, it is easily imparted functions by being compounded with other materials, its 
load to the environment is low, it does not substantially contain any corrosive ion or 
metal ion, and it easily forms strong adhesion with an adhesive material layer. 
Incidentally, a main component in the present invention refers to a constituent 
component which is contained in a relatively highest ratio among the constituent 
components. 

Concrete examples of the olefinic polymer include low density polyethylene, 
linear low density polyethylene, medium density polyethylene, high density 
polyethylene and an ethylene type polymer such as a copolymer comprising ethylene 
as a main component and a vinyl compound of various kinds selected from a-olefin 
having 3 to 12 carbon atoms, styrene, vinyl acetate, (meth)acrylic acid, (meth)acrylate, 
ionomer and the like as a minor component, which may be a random copolymer or a 
block copolymer. Examples of the olefinic polymer also include a propylene 
homopolymer and a propylene type polymer such as a copolymer comprising 
propylene as a major component and ethylene or an a~olefin having 4 to 12 carbon 
atoms as a minor component, which may be a random copolymer or a block copolymer, 
a-olefinic polymers having 4 or more carbon atoms such as butene, 4-methylpentene 
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and the like can also be mentioned. Further, a propylene/a-olefin copolymer having 
tacticity of syndiotactlcity or isotacticity (PX) and polypropylene having tacticity (PY), 
which have been cited as preferable examples of the adhesive material, may also be 
mentioned. 

The content of the olefinic polymer in the base material layer 1 is usually from 
about 40 to 100 weight % and preferably from about 60 to 100 weight %. Concrete 
examples of the ethylene/a-olefin copolymer as one example of the. olefinic polymers 
which improves flexibility and stretchability include commercial products available 
under the registered trade names Tafmer A, Tafmer P and the like from Mitsui 
Chemicals, Inc. Concrete examples of the propylene/a-olefin copolymer include 
commercial products available under the trade names Tafmer XR, Tafmer S and the 
like from Mitsui Chemicals, Inc. Concrete examples of the polybutene include a 
commercial product available under the registered trade name Beaulon from Mitsui 
Chemicals, Inc. 

In addition to the olefinic polymer, to improve properties such as mechanical 
properties, heat resistance, flexibility and the like, a synthetic resin or a thermoplastic 
elastomer can properly be added if necessary as a constituent component of the base 
material layer 1, in such a range that performance and qualities of the adhesive film 10 
are not deteriorated. Examples of the synthetic resin for improving mechanical 
properties and heat resistance include, for example, a polyamide resin such as nylon-6, 
nylon-6,6, nylon-6,10, nyIon-6,12 and the like; a polyester resin such as polyethylene 
terephthalate, polybutylene terephthalate, copolymers thereof, polyethylene 
naphthalate, aliphatic polyester and the like; a polycarbonate resin, a polystyrene resin, 
a polyphenylene sulfide resin, polyimide and the like. Examples of the thermoplastic 
elastomer for improving flexibility include a polystyrene type elastomer, a polyamide 
type elastomer, a polyurethane type elastomer, a polyester type elastomer and the like. 

The base material layer 1 may contain various additives generally used in a 
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base material layer 1 in this kind of adhesive film 1 0. For example, various kinds of 
additives such as fillers, pigments, dyes, UV absorbers, antioxidants, heat stabilizers, 
lubricants, weatherability stabilizers, plasticizers, crystallization nucleating agents and 
the like may be contained in such a range that performance and qualities of the 
adhesive film 10 are not adversely affected. 

The thickness of the base material layer 1 is not particularly limited, and is 
usually from about 0.01 to 3 mm in consideration of cutting processability, mechanical 
strength, flexibility and the like which are required depending on the intended use, and 
preferably from about 0.02 to 2 mm in respect of prevention of scratch, operability in 
attachment and price. 

Young's modulus of the base material layer 1 (measurement temperature: 
23°C) is not particularly limited, and is usually from about 20 to 4000 MPa, and 
preferably from about 50 to 1500 MPa in consideration of mechanical strength, 
flexibility and the like which are required depending on the intended use. 

When the base material layer 1 consists of plural layers of two or more, the 
base material layer 1 can be constituted so that each layer is allocated each of the 
various properties required as the adhesive film 10. 

Fig. 2 is a cross-sectional view illustrating another embodiment of the 
adhesive film 10 according to the present invention. As shown in the same drawing, 
the adhesive film 10 of the present invention comprises the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2 which is laminated on one surface of the intermediate layer 3. 

For example, the intermediate layer 3 is provided with functions such as 
stretchability, resistance to tearing, cutting processability, perceptibility to coloration and 
the like, while the outer layer 4 is provided with resistance to surface scratch or the 
peeling property against the adhesive material layer 2 for easy rewinding of the wound 
adhesive film 10. 
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Constituent components of the intermediate layer 3 may preferably have an 
olefinic polymer as a main component. Examples of the olefinic polymer include those 
as described above. 

Furthermore, preferable examples of main components of the outer layer 4 
include low density polyethylene, very low density polyethylene, linear low density 
polyethylene, medium density polyethylene, high density polyethylene and an ethylene 
type polymer such as a copolymer comprising ethylene and a vinyl compound of 
various kinds such as an a-olefin having 3 to 12 carbon atoms, styrene, vinyl acetate, 
(meth)acrylic acid, (meth)acrylate, ionomer and the like. Further, when employing a 
polymer containing an a-olefin as a main component, in addition to these compounds, 
a peeling material such as a reactant of a small amount of polyvinyl alcohol or an 
ethylene/vinyl alcohol copolymer with long-chain alkyi isocyanate or the like is 
preferably mixed in an amount of from 1 to 10 weight % as well. In this way, the 
adhesive film 10 with a rewinding force of not more than 2 N/25 mm can be obtained 
even when a peeling film is not provided. 

When the base material layer 1 comprises the intermediate layer 3 and the 
outer layer 4, the thickness of the intermediate layer 3 and the outer layer 4 is not 
particularly limited. The thickness of the intermediate layer 3 is preferably from about 
0.01 to 3 mm and particularly preferably from about 0.02 to 2 mm, while the thickness 
of the outer layer 4 is preferably from about 0.001 to 1 mm and particularly preferably 
from about 0.005 to 0.5 mm. 

When the base material layer is composed of plural layers as shown in Fig. 2, 
Young's modulus of the base material layer 1, i.e. the plural layers being viewed as a 
single layer, is usually from about 20 to 4000 MPa and preferably from about 50 to 
2000 MPa. 

The adhesive film 10 of the present invention can be made into a film with 
excellent transparency. The adhesive film with excellent transparency refers to those 
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having the visible light transmission rate of preferably not less than 70%, more 
preferably not less than 80%, and further preferably not less than 90%. To evaluate 
the visible light transmission rate, JIS R3106 standards can be adopted. 

Furthermore, the adhesive film 10 of the present invention may also contain 
known dyes for adjusting the color tone, more specifically, visible ray absorbent dyes 
for a particular wavelength, fluorescent dyes or phosphorescent dyes. 

Furthermore, when an adhesive film is used in the fields of 
electronic/semiconductor materials, optical/display materials and the like, it is required 
that the amount of ion components such as a cation, an anion, a metal ion and the like 
contained in the adhesive film adjacent to an adherend in the relevant fields are small 
and such properties are indicated as the ion content. 

The ion content in the present invention refers to the total content of various 
ions extracted by pure water, and is preferably less than 1 ppm and more preferably 
not more than 0.5 ppm. The total ion content being less than 1 ppm can be 
considered as that an adhesive film contains substantially no reactive material 
represented by ions. 

On the other hand, when the total ion content is not less than 1 ppm, for 
example, an adherend which is very sensitive to ions such as a semiconductor device, 
an organic EL device or the like may easily be affected by ions and defects may be 
caused. The ions are extracted from the adhesive film 10 in pure water. Concrete 
examples thereof include a cation such as sodium ion (Na*), potassium ion (K"^) and the 
like; an anion such as chloride ion (CI-), fluoride ion (F-), nitrate ion (N03-), nitrite ion 
(NO2"), phosphate ion (PO/ ), sulfate ion (SO/") and the like; and a metal ion such as 
ferric ion (Fe^^), copper ion (Cu^"^), chrome ion (Cr^"^), aluminum ion (Al^^), zinc ion 
(Zn^^), nickel ion (Ni^^) and the like. 

By employing an olefrnic polymer for the adhesive material layer 2 and the 
base material layer 1 of the present invention, and selecting a structure in which 
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interaction with water or an ion is small, the adhesive film 10 with the ion content at a 
low level can be produced. 

The visible light transmission rate of the present invention can easily be 
measured by a spectrophotometer equipped with a dual-beam integrating sphere. As 
the spectrophotometer, for example, U-3400 (a product of Hitachi Ltd.) or UV-3100 (a 
product of Shimadzu Corporation) can be used. 

In the adhesive film 10 of the present invention, the peeling film 5 is preferably 
laminated on a side of the adhesive material layer for making rewinding of the adhesive 
film 10 easy, improving the smoothness of a surface of the adhesive material layer and 
for enhancing punching processability. Furthermore, in the case where a punching 
process is also carried out or the adhesive material layers are required on both 
surfaces, a peeling film is usually used in order to protect the adhesive material layer. 

As shown in Figs. 3 and 4, the peeling film 5 laminated on one side of the 
adhesive material layer 2 is formed from various conventionally known constituent 
components. The constituent components of the peeling film 5 are not particularly 
limited, but are preferably synthetic resin, processed paper or the like which do not 
generate toxic gas such as halogen compounds or the like when incinerated. Of 
these components, for example, a polyester film or processed paper in which a 
synthetic resin such as polyethylene is coated on the suri'ace of paper is preferable 
from the viewpoint of rigidity for preventing deformation of the adhesive film 10 so as to 
be punched with high accuracy, thickness and flexibility being not problematic when the 
film is rolled, and the amount of waste material being reduced. The synthetic resin 
used in the peeling film 5 may contain various fillers, for example, pigments, UV 
absorbers, antioxidants, heat stabilizers, lubricants or the like to such an extent that the 
adhesive film 10 is not adversely affected. 

A release layer may be formed on the surface of the peeling film 5 adjacent to 
the adhesive film 10. In this release layer, various release agents generally used in a 
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release layer of this kind of the peeling film 5 are used. For example, long-chain alkyi 
type release agents such as a long-chain alkyI acrylate copolymer, a long-chain alkyI 
vinyl ester copolymer, a long-chain alkyI vinyl ether copolymer and the like, silicone- 
based release agents and fluorine-based release agents can be mentioned. Further, 
since the unevenness of the peeling film is transferred onto the surface of the adhesive 
material layer, the surface roughness Ra can suitably be selected in the range of about 
10 to 0.1 |i,m depending on the intended uses. The thickness of the peeling film 5 is 
preferably as thin as possible from the viewpoint of preventing troubles when the film is 
rolled and reducing the amount of waste material, for example, from about 0.005 to 0.3 
mm and preferably from about 0.01 to 0.2 mm. Concrete examples of the peeling film 
consisting of polyethylene terephthalate (PET) include a commercial product available 
under the registered trade name Tohcello peeling film SP from Tohcello Co., Ltd. Also, 
concrete examples of the peeling film consisting of processed paper include a 
commercial product available under the trade name Separate from Oji Paper Co., Ltd. 

To produce the adhesive film 10, a method of laminating the adhesive material 
layer on one surface of the base material layer 1 is not particulariy limited, and the 
adhesive film can be produced by a method such as: a method in which a previously 
formed base material film (base material layer) made of an olefinic polymer is 
subjected to a surface treatment such as a corona treatment or the like, then a material 
for comprising an adhesive material layer is applied thereon and dried; a method in 
which an adhesive is applied on an peeling film and dried, then the peeling film is 
pressure-bonded with a previously formed base material film (base material layer) 
made of an olefinic polymer; a method of co-extrusion in which an adhesive material 
layer and a base material layer are simultaneously subjected to integral molding; a 
method in which an adhesive is laminated by melt-extrusion onto a previously formed 
base material layer; or the like. Of these production methods, the co-extrusion 
method, a method of producing a laminate film having a multi-layer structure and a 
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predetermined thickness by melt-lieating the materials constituting the base material 
layer and the adhesive material layer respectively and subsequently performing co- 
extrusion-molding thereof, is preferable in respect of high efficiency and energy saving, 
thereby producing the laminate film inexpensively. In the co-extrusion method using a 
multi-layer die having two or more layers, the adhesive film 10 having one or more 
layers of base material layer and adhesive material layer can be simultaneously formed. 
Examples of the co-extrusion method using a multi-layer die include: a method which 
comprises combining the melts of the respective layers in a layered form in advance, 
then feeding the integrated body to a flat die, and bonding it in the die (feed block 
method); a method which comprises delivering melts of the respective layers into 
separate manifolds in a flat die, bonding the respective layers in a layered form in a 
common place (generally at the front of a die lip) in the die, then feeding the integrated 
body to the flat die and bonding it in the die (multi-manifold method); a method in which 
the feed block method and the multi-manifold method are combined together; and the 
like. 

The method of laminating the thus-obtained adhesive film 10 on the peeling 
film 5 is not particulariy limited, and, for example, a usual film laminating device can be 
used for lamination. 

As shown in Fig. 5, the adhesive film 10 of the present invention can be 
wound around the core material 6 and stored in a rolled state, and can be used by 
unwinding a necessary amount of the adhesive film. 

Further, as shown in Fig. 6, the peeling film 5 can be attached to the side of 
the adhesive material layer of the adhesive film 10 of the present invention, then the 
adhesive film 10 is wound around the core material 6 and stored in a rolled state, and 
can be used by unwinding a necessary amount of the adhesive film while releasing the 
peeling film 5. 

Further, the adhesive film 10 of the present invention can be cut off in the most 
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suitable shape for the intended use. The shape is not particularly limited, and may be 
circular, square or rectangular, and for example, the adhesive film 10 may be punched 
off in a desired shape, leaving a part thereof unpunched, on the peeling film 5. 

The adhesive film 10 of the present invention can be punched off in the most 
suitable shape (for example, a circle) for the intended use and maintained on the 
peeling film 5, wound around the core material 6 and stored in a rolled state, and can 
be used by unwinding a necessary amount of the adhesive film while releasing the 
peeling film 5. 

The adhesive film 10 according to the present invention is used in a wide 
variety of conventionally known applications as an adhesive film. Applications of the 
adhesive film are not particularly limited. However, the adhesive film 10 according to 
the present invention is particularly suitable for surface protection uses, treatment uses 
with a chemical solution, heating treatment uses, grinding/polishing uses, cutting 
processing uses and transport storage uses in the fields of electronic/semiconductor 
materials, optical/display materials and the like wherein high performance and qualities 
are demanded, and also suitable for an application, or in combination of two or more 
kinds, selected from the aforementioned applications. Hereinafter, these applications 
are described. 

For surface protection uses, for example, in order to prevent scratch on an 
adherend such as a metal plate, a resin plate, glass, a ceramic plate or the like, or to 
prevent attachment of a contaminant thereon, an adhesive film is attached to a surface 
of the adherend. In particular, as peri'ormance of an adhesive film required in the 
fields of electronic/semiconductor materials, optical/display materials and the like, it is 
required that no floating or peeling of an adhesive film occurs after being attached to 
the adherend with various surface conditions, the adhesive film can be peeled away 
with a force as small as possible, and no adhesive residue on the adherend is left. In 
particular, in the fields of electronic/semiconductor materials, optical/display materials 
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and the like, it is required that contamination be reduced to the limit for electronic 
members, semiconductor wafers, glass wafers, ceramic wafers, optical lens members 
and the like. 

For treatment uses with a chemical solution, for example, in a plating 
treatment or etching treatment in the fields of electronic/semiconductor materials, an 
adhesive film is attached to a surface of the material to be protected. For an adhesive 
film, performances such as stability against chemicals, e.g. a plating solution, an 
etching solution or the like are necessary, and also required are that no floating or 
peeling of an adhesive film after being attached to an adherend occurs and the 
adhesive film is easily peeled away after treatment with a chemical solution, and in 
particular, no washing of the adherend is needed and no deterioration thereof is caused. 

For heating treatment uses, for example, when producing optical lenses 
having a lens function made of an acrylic resin in the fields of optical/display materials, 
an adhesive film is used by attaching to a surface of the lens to be protected. For an 
adhesive film, performances such as stability against heating treatment at about 80°C 
to 100°C are necessary, and also required are that no floating or peeling of an 
adhesive film after being attached to an adherend occurs and the adhesive film is 
easily peeled away after heating treatment, and in particular, no contamination on the 
adherend occurs and no deterioration of the adherend is caused. 

For grinding/polishing uses, for example, when grinding/polishing a back 
surface of a semiconductor wafer or a glass lens for thinning, an adhesive film is 
attached between an adherend and a rotation fixing jig of a grinding machine. In this 
case, qualities such as adhesive properties for tightly attaching the adherend to the 
rotation fixing jig, cushion properties, smoothness and the like are required for an 
adhesive film. Furthermore, it is required that peeling at the time of peeling is easy 
and no washing is needed since substantially no adhesive residue is left on the 
adherend. 
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For cutting processing uses, for example, at the time of cutting semiconductor, 
glass and ceramic wafer into small pieces, an adhesive film is used by attaching to an 
adherend, i.e., a wafer. In this case, a property of generating no defect or crack in the 
adherend is required for an adhesive film. Furthermore, it is required that peeling at 
the time of peeling is easy and no washing is needed since substantially no adhesive 
residue is left on the adherend. In such cutting processing, a method of cutting by 
using a rotating blade made of a metal or diamond, a laser, a water jet or the like is 
generally used. In case of laser processing, in particular, an adhesive film is required 
to be substantially transparent to laser light. 

For transport storage uses, after an adhesive film is used for the surface 
protection uses, treatment uses with a chemical solution, heating treatment uses, 
grinding/polishing uses or cutting processing uses, an adherend and the adhesive film 
are transported by a ship, truck or the like, or stored at a warehouse for a long time as 
the adhesive film is attached to the adherend, then come into use. In particular, it is 
required that the performance and quality of the adherend do not change even under 
an environment in which temperature or humidity is not particularly managed. 

In the fields of electronic/semiconductor materials, optical/display materials 
and the like where demands for performances and qualities are strict, a method of 
using one or a combination of two or more applications selected from surface 
protection uses, transport or storage uses, treatment uses with a chemical solution, 
heating treatment uses, grinding or polishing processing uses and cutting processing 
uses is preferably used because advantages of the adhesive film 10 of the present 
invention can further be exhibited. 

As an example of use in which four kinds of applications, i.e., surface 
protection uses, transport or storage uses, heating treatment uses and cutting 
processing uses are combined, a method of use for producing and processing an 
optical lens member for a display can be cited. In this case, an adhesive film is 
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attached to a lens right after the lens is formed, which undergoes a thermal treatment 
process (about 80°C to 120''C) of a lens, a cutting process by a CO2 laser and an 
inspecting process, piled up for storage, then transported in a container by a car or a 
boat, thereafter the optical lens members are assembled into a display, where the 
adhesive film falls into disuse and is peeled away. 

Furthermore, as an example of use in which three kinds of applications, i.e. 
grinding or polishing processing uses, surface protection uses and transport or storage 
uses are combined, a method of use for processing a glass lens can be cited. In this 
case, an adhesive film is attached to a glass lens, which is ground or polished 
according to the degree to which the glass lens is corrected, transported and stored as 
is, then at a store the adhesive film falls into disuse and is peeled away. 

Further, as an example of use in which two kinds of applications, i.e., cutting 
processing uses and treatment uses with a chemical solution, a method of use for 
processing a wafer can be cited. In this case, an adhesive film is attached to a wafer, 
and then the wafer is cut into small pieces by a dicer, the side of which is treated with 
an etching solution such as a hydrofluoric acid or the like, then the adhesive film falls 
into disuse after the small pieces are peeled away from the adhesive film by a die 
bonder. 

EXAMPLES 

The present invention is now more specifically illustrated with reference to 
Examples. However, the present invention is not limited to these Examples. 

In the following Examples and Comparative Examples, differential scanning 
calorimetry, viscoelasticity, ion content, adhesion, adhesive stability under heat and 
pressure, and chemical resistance were measured and evaluated according to the 
following methods. 

(Formation of Adhesive Material) 
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A material constituting an adhesive layer was mixed by using a Henschel 
mixer, and then kneaded by using a double-screw screw extruder equipped with a 
strand die. The kneaded product was melt-extruded (die temperature: 200°C) into the 
form of a strand and cooled, then cut and molded into the form of a pellet. 

(Measurement of Differential Scanning Calorimetry) 

The melting temperature Tm and the heat of fusion AH of an adhesive 
material were measured by a differential scanning calorimetry measurement in 
conformity with "Testing methods for heat of transitions of plastics", JIS-K7122. 
Specifically, a differential scanning calorimetry (DSC) measurement for the adhesive 
material was performed by using an RDC220 manufactured by Seiko Instruments Inc. 
The DSC was measured over a temperature range of -100 to 300°C under the test 
condition where a temperature was lowered from 30°C to -lOO^'C, maintained at -100°C 
for 10 minutes, and then elevated at a rate of 10°C/min. From the temperature-heat 
capacity curve thus obtained by the measurement, where the melting temperature Tm 
was determined as the peak value (°C), the heat of fusion AH (mJ/mg = J/g) was 
measured. 

(Measurement of Viscoelastic Modulus) 

The viscoelastic modulus of an adhesive material was measured according to 
a viscoelasticity test method in conformity with "Plastics - Determination of dynamic 
mechanical properties", JIS~K7244. Namely, the viscoelastic modulus was measured 
by a mechanical spectrometer RMS-800 manufactured by Rheometric-Scientific Inc., 
using 8-mm diameter parallel plates with a gap between the plates of 1.5 mm. By 
using a circular plate of 8 mm $ x 1 .5 mm (thickness) as a sample piece, a storage 
elastic modulus G' (Pa) and loss elastic modulus G" (Pa) over a temperature range of - 
SO'^C to 150*'C, where a frequency to = 100 rad/sec, and a temperature elevation rate is 
3°C/min, was measured. The loss coefficient tan 5 was calculated by substituting the 
measured storage elastic modulus G' and loss elastic modulus G" into a relational 
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expression, i.e., tan 5 = G"/G\ 

(iVIeasurement of Ion Content) 

According to the following method, various ions extracted from an adhesive 
film were analyzed. Firstly, 5 g of a sample piece of about 2.5 square-cm cut from the 
adhesive film and 150 g of pure water were put into a 200-ml Teflon (registered 
trademark) vessel, extracted at 100°C for 60 minutes using an autoclave, then the 
sample piece was taken out from the vessel and the extract was concentrated to 25 g 
on a hot plate. Using the concentrated solution, cations such as Na^, and the like 
and anions such as Cr, F", NO3", NO2", P04^", SO/' and the like were quantitatively 
analyzed by an ion chromatography analysis. Further, metal ions such as Fe^*, Cu^^, 
Cr^*, AP^, Zn^^, Ni^* and the like were quantitatively analyzed by an atomic absorption 
analysis. The ion content (ppm) of each ion species was calculated by substituting 
the quantitative analysis value ((jg) into the following equation. 

Ion Content (ppm) = Quantitative Analysis Value (pg) Sample Piece Weight 
(g)x(25g-150 g) 

The total ion content (ppm) was calculated from the ion content (ppm) of the 
respective ion species. By concentrating, the detection limit of the ion analytical value 
becomes 0.01 ppm. 

(Measurement of Adhesion) 

Adhesion of an adhesive film was measured in conformity with "Testing 
methods of pressure-sensitive adhesive films" (JIS Z0237-2000). A SUS-BA plate of 
50 mm (width) x 150 mm (length) x 2 mm (thickness) as a test plate and an adhesive 
film were allowed to stand in an environment at a temperature of 23°C and a relative 
humidity of 50% for 1 hour. Then, the adhesive film was attached to the test plate with 
a pressure applied by two rounds of running a rubber roll of about 2 kg in a back-and- 
forth manner. After attachment, the SUS-BA plate with the adhesive film was allowed 
to stand in a constant environment at a temperature of 23°C and a relative humidity of 
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50% for 30 minutes, then a peel adhesion was measured by peeling the adhesive film 
in a direction of 180° at a rate of 300 mm/min from the SUS-BA plate at a temperature 
of 23°C and a relative humidity of 50%. The adhesion (23°C) shown in the Examples 
below is the average of at least two measurements, and the unit is N/25 mm. 

(Evaluation of Adhesive Stability under Heat and Pressure) 

A sample piece was attached to a SUS-BA plate at 23°C, allowed to stand for 
30 minutes, and then the initial adhesion (unit: N/25 mm) was measured. Next, the 
sample was placed in heated and pressurized environment at 80°C and 0.2 MPa for 7 
days, then the adhesion (unit: N/25 mm) was measured. 

In conformity with the adhesion measurement method described in JIS Z0237- 
2000, adhesion was measured while peeling the sample piece in a direction of 180° at 
a rate of 300 mm/min from the SUS-BA plate, and then adhesive stability under heating 
and pressurizing was evaluated according to the following criteria. 

When the value represented by (Adhesion after being left for 7 days under 
heating at 80'*C and pressurizing at 0.2 MPa)/(lnitial adhesion at 23°C) is in the range 
of 0.7 to 1 .5 and no contamination on an adherend surface was visually observed, the 
sample piece was regarded as passing the examination (indicated by O), and when the 
value represented by (Adhesion after being left for 7 days under heating at 80°C and 
pressurizing at 0.2 MPa)/(lnitial adhesion at 23°C) was less than 0.7 or more than 1.5 
or a contaminant was observed on an adherend surface, the sample piece was 
regarded as not passing the examination (indicated by X). 

(Evaluation of Chemical Resistance) 

Chemical resistance of an adhesive film was tested in conformity with a 
method described in "Plastics - Methods of test for the determination of the effects of 
immersion in liquid chemicals", JIS K71 14-2001. The measure, weight and 
appearance of a sample piece (60 square-mm) were measured 7 days after the sample 
piece was immersed in liquid chemicals of 2 normal hydrochloric acid (23°C and 70°), 2 
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normal sulfuric acid (23°C and 70°), an aqueous 20 weight % sodium hydroxide 
solution (20 wt% NaOHaq) (23''C and 70°), a 10 weight % ammonia solution (10 wt% 
NH3aq) (23''C), isopropanol (23X), acetone (23^C) and ethyl acetate (23°C). By 
comparing the resulting measure, weight and appearance of the sample with those 
before immersion, chemical resistance was evaluated according to the following criteria. 

The adhesive film with changes in both the measure and weight of less than 
1 % and no observed change in appearance was regarded as passing the examination 
(indicated by O), and the adhesive film with any of the change in the measure of not 
less than 1%, change in the weight of not less than 1%, or change in appearance 
observed was regarded as not passing the examination (indicated by X). 

Example 1 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the base material layer 1, 
88 weight parts of a propylene/ethylene/1-butene random copolymer (rPP; ethylene 
component: 5 mole %, 1-butene component: 5 mole %, density: 0.91 g/cm^, MFR 
(measured at a temperature of 230°C with a load of 2.16 kg in conformity with JIS 
K7210-1999, hereinafter the same shall apply): 7.2 g/10 min), 10 weight parts of an 
ethylene/1 -butene copolymer (EB-A; density: 0.88 g/cm^, MFR (at a temperature of 
190°C with a load of 2.16 kg): 3.6 g/10 min) and 2 weight parts of high density 
polyethylene (HDPE; density: 0.96 g/cm^, MFR (at a temperature of 190°C with a load 
of 2.16 kg): 6.0 g/10 min) were used. As a component constituting the adhesive 
material layer 2, 80 weight parts of a syndiotactic propylene/ethylene copolymer (sPER; 
propylene component: 77 mole %, ethylene component: 23 mole %, MFR (at a 
temperature of 230°C with a load of 2.16 kg): 5.0 g/10 min) and 20 weight parts of 
syndiotactic polypropylene (sPP; FINAPLAS™1571, a product of ATOFINA 
Petrochemicals, Inc.; density: 0.87 g/cm^, MFR (at a temperature of 230°C with a load 
of 2.16 kg): 10 g/10 min) were used. 
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Fig. 7 illustrates a chart showing the measurement of the DSC test of 
sPER/sPP = 80/20 (>Art/wt) that was an adhesive material constituting the adhesive 
layer material 2. The melting temperature Tm had a peak value at 126.3°C and the 
heat of fusion AH was 7,97 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 220*^0 for the 
adhesive material layer 2 and 230°C for the base material layer 1, and molten resins of 
these two layers were laminated in a multi-layer die (co-extrusion temperature: 230°C). 
The extruded adhesive film was cooled, slit and wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the single base material 
layer 1 and the adhesive material layer 2, and the thickness of each layer was 8 |jm for 
the adhesive material layer 2 and 42 [jm for the base material layer 1 , and the total 
thickness was 50 pm. Fig. 11 illustrates a photograph of the cross-sectional surface of 
the adhesive material layer 2 observed by a transmission electron microscope (TEM). 
An alloy structure of sPER/sPP = 80/20 (wt/wt) in which a non-crystalline part was 
finely compatibilized at a 100 nm level into a crystalline part of a continuous network 
shape was observed from the TEM picture. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and the melting 
temperature, heat of fusion, storage elastic modulus and loss coefficient of the 
adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. The adhesive film 10 was attached to a surface of a PET substrate (0.8 
mm (thickness) x 300 mm x 300 mm), which is processed in the shape of a lens having 
an uneven surface, while it was heated at about 60''C, cut in a size of 100 mm x 100 
mm using a rotating blade, kept in a heating bath at 60°C for 1 week, and then allowed 
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to stand at 23°C and 50% RH for 1 day. A PET substrate was obtained, in whicli the 
adhesive film was easily peeled away when peeled manually, a cut surface was 
favorable, no adhesive residue was found on the surface processed into a lens shape, 
and optical functions were well maintained. Therefore, the adhesive film 10 of this 
Example can be used for the application in which four kinds of surface protection uses 
such as lens functions, heating treatment uses, cutting processing uses and transport 
storage uses are combined, in a process for producing and assembling lens substrates 
to be used in the fields of optical/display materials. 
Example 2 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of low density polyethylene (LDPE; density: 0.92 g/cm^, MFR (at a temperature of 
^9Q°C with a load of 2.16 kg): 7.2 g/10 min) were used. As a component constituting 
the intermediate layer 3, 88 weight parts of rPP, 10 weight parts of EB-A and 2 weight 
parts of HDPE, which were the same as the ones used in Example 1, were used. As 
a component constituting the adhesive material layer 2, 90 weight parts of a 
syndiotactic propylene/ethylene copolymer (sPER; propylene component: 77 mole %, 
ethylene component: 23 mole %, MFR (at a temperature of 230°C with a load of 2.16 
kg): 5.0 g/10 min) and 10 weight parts of sPP which was the same as the one used in 
Example 1 were used. 

Fig. 8 illustrates a chart showing the measurement of the DSC test of 
sPER/sPP = 90/10 (wt/wt) that was an adhesive material constituting the adhesive 
layer material 2, The melting temperature Tm was 125.0°C and the heat of fusion AH 
was 4.37 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 220*'C for the 
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adhesive material layer 2, 230°C for the intermediate layer 3 and 220°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230°C). The extruded adhesive film was cooled, slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 8 pm for the adhesive material layer 2, 34 
|jm for the intermediate layer 3 and 8 pm for the outer layer 4, and the total thickness 
was 50 [jm. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heating and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. 

The adhesive film 10 was attached to a surface of an acrylic substrate (1 mm 
(thickness) x 300 mm x 300 mm), which was treated with an antistatic agent in the 
optical fields, while it was heated at about 60°C, and put in a drying oven with a 
temperature set to 80°C for 30 minutes, cut in a size of 300 mm x 300 mm using a 
carbonic acid gas (CO2) laser, kept in a heating bath at 60°C for 1 week, then allowed 
to stand at 23°C and 50% RH for 1 day. When the adhesive film 10 was manually 
peeled away, as a result, it was easily peeled away, no thread-like burr was found on 
the cut suri'ace, and further, no contamination such as attachment of cutting dust or the 
like was found, no adhesive residue was found on the adherend suri'ace, and antistatic 
functions were maintained (surface resistance: 2 x 10^^ Q and charge pressure half-life: 
15 seconds). That is, the adhesive film 10 of this Example can be used for the 
applications in which four kinds of surface protection uses for a surface treated with an 
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antistatic agent or the like, heating treatment uses, cutting processing uses and 
transport storage uses are combined, in a process for producing and assembling lens 
substrates to be used in the fields of optical/display materials. 
Example 3 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP, 10 weight parts 
of EB-A and 2 weight parts of HDPE, which were the same as the ones used in 
Example 1 , were used. As a component constituting the adhesive material layer 2, 90 
weight parts of an isotactic propylene/ethyiene/1-butene copolymer (iPEBR; propylene 
component: 78 mole %, ethylene component: 16 mole %, 1-butene component: 6 
mole %, MFR (at a temperature of 230^*0 with a load of 2.16 kg): 6 g/10 min) and 10 
weight parts of isotactic polypropylene (iPP; density: 0.91 g/cm^, MFR (at a 
temperature of 230°C with a load of 2.16 kg): 7 g/10 min) were used. 

Fig, 8 illustrates a chart showing the measurement of the DSC test of 
iPEBR/iPP = 90/10 (wt/wt) that was an adhesive material constituting the adhesive 
material layer 2. The melting temperature Tm was 159.9°C and the heat of fusion AH 
was 12.3 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 230''C for the 
adhesive material layer 2, 230°C for the intermediate layer 3 and 220°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230''C). The extruded adhesive film was cooled and a peeling 
sheet 5 of Tohcello Separator™ SP T18 (PET-SP, thickness: 31 Mm), manufactured by 
Tohcello Co., Ltd. was applied on the surface of the adhesive material layer, then slit 
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and wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 12 Mm for the adhesive material layer 2, 60 
|jm for the intermediate layer 3 and 8 [im for the outer layer 4, and the total thickness 
was 80 pm. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. 

The adhesive film 10 was attached to a mirror surface of a silicon wafer (ct>: 
100 mm, thickness: 0.525 mm) at room temperature, treated with a chemical solution of 
HF/HNO3/CH3COOH = 1/9/3 (hydrofluoric acid/nitric acid/acetic acid) for 30 minutes, 
and then washed, dried in a heating bath at 60°C for 1 hour, and allowed to stand at 
23°C and 50% RH for 7 days. When the adhesive film 10 was manually peeled away, 
as a result, the adhesive film was easily peeled away, a boundary between a silicon 
surface protected with the adhesive film 10 and a silicon surface which was not 
protected was seen clear, and no adhesive residue was found. That is, the adhesive 
film 10 of this Example can be used for the applications in which three kinds of 
treatment uses with a chemical solution, heating treatment uses, and transport storage 
uses are combined, in a process for producing wafers to be used in the semiconductor 
fields. 

Example 4 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
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parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP 10 weight parts 
of EB-A and 2 weight parts of HDPE, which were the same as the ones used in 
Example 1 , were used. As a component constituting the adhesive material layer 2, 7 
weight parts of an isotactic propylene/ethylene/1-butene copolymer (iPEBR; propylene 
component: 78 mole %, ethylene component: 16 mole %, 1-butene component: 6 
mole %, MFR (at a temperature of 230°C with a load of 2.16 kg): 6 g/10 min), 8 weight 
parts of isotactic polypropylene (iPP; density: 0.91 g/cm^, MFR (at a temperature of 
230°C with a load of 2.16 kg): 7 g/10 min), 15 weight parts of a 
styrene/isoprene/styrene block copolymer (SIS; SIS5229N, a product of JSR 
Corporation) and 5 weight parts of an ethylene/a-olefin cooligomer (LEO; Lucant™ HC- 
20, a product of Mitsui Chemicals, INC.) were used. 

From the DSC test of an adhesive material constituting the adhesive material 
layer 2, the melting temperature was 159.5°C and the heat effusion AH was 10.2 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 230°C for the 
adhesive material layer 2, 230*^0 for the intermediate layer 3 and 220*'C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230'*C). The extruded adhesive film was cooled, a peeling 
sheet 5 of PET-SP (thickness: 31 pm), which was the same as the one used in 
Example 3, was applied on the surface of the adhesive material layer, then slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising two layers and the adhesive material layer 2, and the thickness of each 
layer was 12 pm for the adhesive material layer 2, 60 pm for the intermediate layer 3 
and 8 pm for the outer layer 4, and the total thickness was 80 pm. 



39 



In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heating and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. The adhesive film 10 was attached to a surface of a glass plate (300 mm x 
300 mm, 1 mm (thickness)) at room temperature, treated with a chemical solution of 
HF/HNO3/CH3COOH = 1/9/3 (hydrofluoric acid/nitric acid/acetic acid) for 30 minutes, 
and then washed and allowed to stand at 23°C and 50% RH for 7 days. When the 
adhesive film 10 was manually peeled away, as a result, the adhesive film was easily 
peeled away, a boundary between a glass surface protected with the adhesive film 10 
and a glass surface which was not protected was seen clear, and no adhesive residue 
was found. That is, the adhesive film 10 of this Example can be used for the 
applications in which three kinds of surface protection uses, treatment uses with a 
chemical solution and transport storage uses are combined, in a process for producing 
wafers to be used in the semiconductor fields. 

Comparative Example 1 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP, 10 weight parts 
of EB-A and 2 weight parts of HDPE, which were the same as the ones used in 
Example 1 , were used. As a component constituting the adhesive material layer 2, 
100 weight parts of a syndiotactic propylene/ethylene copolymer (sPER; propylene 
component: 77 mole %, ethylene component: 23 mole %, MFR (at a temperature of 
230°C with a load of 2.16 kg): 5.0 g/10 min) were used. 
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Fig. 10 illustrates a chart showing the measurement of the DSC test of sPER = 
100 (wt) that was an adhesive material constituting the adhesive material layer 2. 
There was no endothermic peak in a temperature range of 80°C and 180°C, there was 
no melting temperature Tm, and the heat of fusion AH was 0. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 220*^0 for the 
adhesive material layer 2, 230''C for the intermediate layer 3 and 220°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230°C). The extruded adhesive film was cooled, slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 8 jjm for the adhesive material layer 2, 34 
|jm for the intermediate layer 3 and 8 |jm for the outer layer 4, and the total thickness 
was 50 |jm. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. In particular, in the adhesive stability test under heat and pressure, an 
adherend surface was not contaminated, whereas 1.8 (N/25 mm) of initial adhesion 
was increased to 5.5 (N/25 mm), an increase of about 3 times. 

The adhesive film 10 was attached to a surface of an acrylic substrate (1 mm 
(thickness) x 300 mm x 300 mm) treated with an antistatic agent in the optical fields, 
while being heated at about 60°C, and put in a drying oven where a temperature is set 
at 80°C for 30 minutes, cut in a size of 300 mm x 300 mm using a carbonic acid gas 
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(CO2) laser, kept in a heating bath at 60*^0 for 1 week, then allowed to stand at 23°C 
and 50% RH for 1 day. When the adhesive film 10 was manually peeled away, as a 
result, no thread-like burr was found on a cut surface, no contamination such as 
attachment of cutting dust or the like was found, no adhesive residue was found on the 
adherend surface, and antistatic functions were maintained (surface resistance: 2 x 
10^^ Q, and charge pressure half-life: 15 seconds), except that the peeling property 
was deteriorated in such a way that peeling became heavy at a point where the width 
was 300 mm. That is, the adhesive film 10 of this Comparative Example is not 
preferably used, for example, for heating and cutting of lens substrates to be used in 
the fields of optical/display materials wherein demands for qualities are strict. 
Comparative Example 2 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HOPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP, 10 weight parts 
of EB-A and 2 weight parts of HOPE, which were the same as the ones used in 
Example 1 , were used. As a component constituting the adhesive material layer 2, 90 
weight parts of a syndiotactic propylene/ethylene copolymer (sPER; propylene 
component: 77 mole %, ethylene component: 23 mole %, MFR (at a temperature of 
230°C with a load of 2.16 kg): 5.0 g/10 min) and 10 weight parts of a 4-methypentene 
type polymer (4MP; TPX™ MX001, a product of Mitsui Chemicals, Inc.; density: 0.83 
g/cm^, MFR (at a temperature of 260°C with a load of 5.00 kg): 26 g/10 min) were used. 

From the DSC test of an adhesive material constituting the adhesive material 
layer 2, the melting temperature Tm was 221 .7°C and the heat of fusion AH was 3.6 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 280°C for the 
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adhesive material layer 2, 230'*C for the intermediate layer 3 and 230°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 260°C). The extruded adhesive film was cooled, slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 8 pm for the adhesive material layer 2, 34 
|jm for the intermediate layer 3 and 8 Mm for the outer layer 4, and the total thickness 
was 50 |jm. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. In particular, in the adhesive stability test under heat and pressure, an 
adherend surface was not contaminated, whereas 1.7 (N/25 mm) of initial adhesion 
was increased to 3.3 (N/25 mm), an increase of about 2 times. 

The adhesive film 10 was attached to a surface of an acrylic substrate (1 mm 
(thickness) x 300 mm x 300 mm) treated with an antistatic agent in the optical fields, 
while being heated at about 60°C, and put in a drying oven where a temperature was 
set at 80°C for 30 minutes, cut in a size of 300 mm x 300 mm using a carbonic acid gas 
(CO2) laser, kept in a heating bath at 60°C for 1 week, then allowed to stand at 23°C 
and 50% RH for 1 day. As a result, partial floating occurred from an edge. When the 
adhesive film 10 was manually peeled away, as a result, the peeling property was 
deteriorated in such a way that peeling became heavy at a point where the width was 
300 mm, and an adhesive residue was attached to the cut edge. That is, the adhesive 
film 10 of this Comparative Example is not preferably used, for example, for heating 
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and cutting of lens substrates used in the fields of optical/display materials wherein 
demands for qualities are strict 
Comparative Example 3 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP, 10 weight parts 
of EB-A and 2 weight parts of HDPE, which were the same as the ones used in 
Example 1 , were used. As a component constituting the adhesive material layer 2, 99 
weight parts of an isotactic propylene/ethylene/1-butene copolymer (iPEBR; propylene 
component: 78 mole %, ethylene component: 16 mole %, 1-butene component: 6 
mole %, MFR (at a temperature of 230°C with a load of 2.16 kg): 6 g/10 min) and 1 
weight part of rPP which was the same as the one used in Example 1 were used. 

From the DSC test of an adhesive material constituting the adhesive material 
layer 2, the melting temperature Tm was 135.2°C and the heat of fusion AH was 0.8 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 220''C for the 
adhesive material layer 2, 230°C for the intermediate layer 3 and 220°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230''C). The extruded adhesive film was cooled, slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 12 piri for the adhesive material layer 2, 60 
|jm for the intermediate layer 3 and 8 |jm for the outer layer 4, and the total thickness 
was 80 |jm. 
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In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. In particular, in the adhesive stability test under heat and pressure, an 
adherend surface was not contaminated, whereas 5.3 (N/25 mm) of initial adhesion 
was increased to 8.5 (N/25 mm), an increase of about 1.6 times. 

The adhesive film 10 was attached to a mirror surface of a silicon wafer (0: 
100 mm, thickness: 0.525 mm) at room temperature, treated with a chemical solution of 
HF/HNO3/CH3COOH = 1/9/3 (hydrofluoric acid/nitric acid/acetic acid) for 30 minutes, 
and then washed, dried in a heating bath at 60°C for 1 hour, and allowed to stand at 
23°C and 50% RH for 7 days. When the adhesive film 10 was manually peeled away, 
as a result, breakage of the silicon wafer was caused due to the peeling of the 
adhesive film being heavy. Further, a trouble of infiltration of the chemical solution 
from the attached boundary surface occurred. That is, the adhesive film 10 of this 
Comparative Example is not preferably used, for example, for treating with a chemical 
solution in a production process of wafers to be used in the semiconductor fields. 

Comparative Example 4 

As a material for each layer constituting the adhesive film 10, the following 
materials were used. That is, as a component constituting the outer layer 4, 80 weight 
parts of HDPE which was the same as the one used in Example 1 and 20 weight parts 
of LDPE which was the same as the one used in Example 2 were used. As a 
component constituting the intermediate layer 3, 88 weight parts of rPP, 10 weight parts 
of EB-A and 2 weight parts of HDPE, which were the same as the ones used in 
Example 1, were used. As a component constituting the adhesive material layer 2, 
100 weight parts of a propylene/1 -butene/4-methy I- 1~pentene copolymer (PB (4MP); 
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propylene component: 50 mole %, 1-butene component: 23 mole %, 4-methyl-1- 
pentene component: 27 mole %, MFR (at a temperature of 230°C with a load of 2.16 
kg)- 8.0 g/10 min) were used. 

From the DSC test of an adhesive material constituting the adhesive material 
layer 2, the melting temperature Tm was 64°C and the heat of fusion AH was 0.3 J/g. 

Then, materials of each layer were melted with an extruder equipped with a 
full-flighted screw. Molding conditions (melting temperature) were 220°C for the 
adhesive material layer 2, 230°C for the intermediate layer 3 and 220°C for the outer 
layer 4, and molten resins of these three layers were laminated in a multi-layer die (co- 
extrusion temperature: 230°C). The extruded adhesive film was cooled, slit and 
wound around the core material 6. 

The adhesive film 10 thus obtained was a laminate of the base material layer 1 
comprising the intermediate layer 3 and the outer layer 4, and the adhesive material 
layer 2, and the thickness of each layer was 12 pm for the adhesive material layer 2, 60 
pm for the intermediate layer 3 and 8 pm for the outer layer 4, and the total thickness 
was 80 pm. 

In Table 1, the layer structure of the adhesive film 10, components constituting 
each layer and the weight ratio thereof, thickness of each layer, and various test results 
of the adhesive material layer 2 are illustrated. 

In Table 2, test results of ion chromatography, adhesion, adhesive stability 
under heat and pressure, and chemical resistance for the adhesive film 10 are 
illustrated. 

The adhesive film 10 was attached to a mirror surface of a silicon wafer (0 
100 mm, thickness 0.525 mm) at room temperature, treated with a chemical solution of 
HF/HNO3/CH3COOH = 1/9/3 (hydrofluoric acid/nitric acid/acetic acid) for 30 minutes, 
and then washed, dried at in a heating bath at 60^*0 1 hour, and allowed to stand at 
23°C and 50% RH for 7 days. When the adhesive film 10 was manually peeled away. 
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as a result, a trouble of the infiltration of the chemical solution from the attached 
boundary surface occurred. That is, the adhesive film 10 of this Comparative 
Example is not preferably used, for example, for treating with a chemical solution in a 
production process of wafers to be used in the semiconductor fields. 
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[Table 1] 





Example 1 


Example 2 


Example 3 


Example 4 


Base material 

layer 1 
Component: 
Weight ratio 
(thickness) 


Outer layer 4 
Component : 
Weight ratio 
(thickness) 


rPP 88 
EB-A10 

HDPE 2 
(42 Mm) 


HDPE 80 
LDPE 20 
(8 Mm) 


HDPE 80 
LDPE 20 
(8 Mm) 


HDPE 80 
LDPE 20 
(8 Mm) 


Intermediate 

layer 3 
Component : 
Weight ratio 
(thickness) 


rPP 88 
EB-A10 
HDPE 2 
(34 Mm) 


rPP 88 
EB-A10 
HDPE 2 
(60 Mm) 


rPP 88 
EB-A10 
HDPE 2 
(60 Mm) 


Adhesive layer 
2 

(thickness) 


Component : 
Weight ratio 


sPER 80 
sPP 20 
(8 Mm) 


sPER 90 
sPP 10 
(8 Mm) 


IPEBR 90 
IPP 10 
(12 Mm) 


IPEBR 72 
IPP 8 
SIS 15 
LEO 5 
(12 Mm) 


DSC 


Melting 
temperature Tm 
(«C) 


126.3 


125.0 


169.9 


159.5 


Heat effusion 
AH (J/g) 


7.97 


4.37 


12.3 


10.2 


Storage elastic 
modulus G' 
(Mpa) 


20°C 
SOX 
80X 


15 
15 
10 


10 
10 
8.2 


15 
15 
10 


7.5 
7.0 
6.2 


Loss 
coefficient 
tan 6 
(-) 


20X 
50"C 

SOX 


ai4 

0.13 
0.18 


0.18 
0.16 
0.20 


0.10 
0.15 
0.20 


0.15 
0.18 
0.20 


Loss 
coefficient 
tan 5 


Peak 
temperature 
(°C) 


--16 


-16 


-10 


-10 



In Table 1, the thickness of each layer refers to a value measured by 



observing a cross-sectional surface of the adhesive film using an optical microscope. 
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fTable 21 





Comparative 
Example 1 


Comparative 
Example 2 


Comparative 
Example 3 


Comparative 

Example 4 


Base material 

layer 1 
Component: 
Weight ratio 
(thickness) 


Outer layer 4 
Component : 
Weight ratio 
(thickness) 


HOPE 80 
LDPE 20 
(8 |jm) 


HDPE 80 
LDPE 20 
(8 fjm) 


HDPE 80 
LDPE 20 
(8 Mm) 


HDPE 80 
LDPE 20 
(8 Mm) 


intermediate 

layer 3 
Component : 
Weight ratio 
(thickness) 


rPP 88 
EB-A10 
HOPE 2 
(34 fjm) 


rPP 88 
EB-A10 
HDPE 2 
(34 jJm) 


rPP 88 
EB-A10 
HDPE 2 
(60 Mm) 


RPP 88 
EB-AIO 
HDPE 2 
(60 Mm) 


Adhesive layer 
2 

(thickness) 


Component : 
Weight ratio 


SPER 100 
(8 pm) 


sPER 90 

4IVIP 10 
(8 Mm) 


iPEBR 90 
rPP 10 
(12 Mm) 


PB (4MP) 100 
(12 Mm) 


DSC 


Melting 
temperature Tm 

rc) 


- 


221.7 


135.2 


64 


Heat of fusion 
AH (J/g) 




3.6 


0.8 


0.3 


Storage elastic 
modulus G* 
(Mpa) 


20**C 
50*'C 
80°C 


5.6 
3.0 

0.1 


8.4 
4.2 

3.5 


9.2 
2.0 

0.6 


10.2 
2.5 
0.6 


Loss 
coefficient 
tan 5 

(-) 


20X 
SOX 


0.08 
0.15 
0.40 


0.08 
0.14 
0.18 


0.16 
0.21 
0.47 


1.0 
0.6 
0.3 


Loss 
coefficient 
tan 6 


Peak 
temperature 

rc) 


-16 


-16 


-14 


+12 



In Table 2, the thickness of each layer refers to a value measured by 



observing a cross-sectional surface of the adhesive film using an optical microscope. 
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[Table 3] 





Example 1 


Example 2 


Example 3 


Examole 4 


Ion 

chromatography 
(ppm) 


Na 


< 0.01 


< 0.01 


< 0.01 


< 0.01 


K 


< 0.01 


< 0.01 


< 0.01 


< 0.01 


cr 


0.04 


0.04 


0.04 


0.05 


F" 


< 0.01 


<0.01 


< 0.01 


<0.01 


N03" 


<0.01 


<0.01 


<0.01 


<0.01 


N02' 


<0.01 


<0.01 


<0.01 


<0.01 




<0.01 


< 0.01 


< 0.01 


< 0.01 




< 0.01 


<0.01 


<0.01 


<0.01 




<0.01 


<aoi 


<0.01 


<0.01 


CU^^ 




< n ni 


<: n ni 


U.U 1 


Cr^" 


<0.01 


<0.01 


<0.01 


<0.01 


Ar^ 


< 0.01 


<0.01 


<0.01 


< 0.01 


Zn"^ 


0.04 


0.04 


0.05 


0.05 


Ni^^ 


<0.01 


<0,01 


<0.01 


<0.01 


Adhesion (N/25 nnm) 


1.0 


2.2 


4.0 


5,2 


Adhesive sts 
heat and 


ibinty under 
pressure 


o 


O 


o 


o 


Chemical 
resistance 


2N 

hydrochloric 
acid (23**C) 


D 


o 


o 


o 


2N 

hydrochloric 
acid (70°C) 


D 


u 


o 


o 


2N sulfuric 
acid (23X) 


o 


o 


o 


o 


2N sulfuric 
acid (70°C) 


o 


o 


o 


o 


20 wt% 
NaOHaq 
(23°C) 


o 


o 


o 


o 


20 wt% 
NaOHaq 
(70"C) 


o 


o 


o 


o 


10wt% NH3aq 
(23''C) 


o 


o 


o 


o 


Isopropanol 
(23°C) 


o 


o 


o 


o 


Acetone 
(23°C) 


o 


o 


o 


o 


Ethyl acetate 
(23°C) 


o 


o 


o 


o 



From Table 3, it was found that the adhesive film in Examples exhibited 



excellent adhesion and no increase in adhesion under heating and warming, 
maintained an easy peeling property even after a certain period of time passed, and left 
no contaminant on an adherend surface. Further, chemical resistance under warming 
against an acid or an alkali, or even against organic solvents was found to be excellent. 
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[Table 4] 





Com Da rati ve 
Example 1 


ComDaratlv^ 
Exam Die 2 


n om na rativp 
Exam Die 3 


\^\fl 1 IL/CH ClLi V\7 

Examole 4 


Ion 

chromatography 
(ppm) 


Na"* 


< 0.01 


< 0.01 


< 0.01 


< 0.01 




< 0.01 


< 0.01 


< 0,01 


< 0.01 


ci- 


0.04 


0.04 


0.04 


0.05 


F" 


< 0,01 


<0.01 


< 0.01 


< 0.01 


NOs' 


< 0.01 


< 0.01 


< 0.01 


< 0.01 


NO2" 


< 0.01 


< 0.01 


< 0.01 


< 0.01 




< 0.01 


< 0.01 


< 0.01 


< 0.01 


SO/' 


<0.01 


< 0.01 


< 0.01 


< 0.01 


fe'' 


< 0.01 


<0.01 


< 0.01 


< 0.01 


Cu"^ 


< 0.01 


< 0.01 


< 0.01 


< 0.01 


Cr"^ 


< 0>01 


< 0.01 


< 0.01 


< 0.01 


Al^^ 


<0.01 


< 0.01 


< 0.01 


< 0.01 


Zn"^ 


0,04 


0.04 


0.04 


0.05 


Ni^^ 


<0.01 


< 0.01 


< 0.01 


< 0.01 


Adhesion {N/25 mm) 


1.8 


1.7 


5.3 


2.1 


Adhesive ste 
heat and 


ibllity under 
pressure 


X 


X 


X 


o 


Chennical 
resistance 


2N 

hydrochloric 
acid (23X) 


o 


o 


o 


o 


2N 

hydrochloric 
acid {70°C) 


O 


o 


O 


O 


2N sulfuric 
acid (23°C) 


o 


o 


o 


o 


2N sulfuric 
acid (70°C) 


o 


o 


o 


o 


20 wt% 
NaOHaq 
(23°C) 


O 


O 


O 


O 


20 wt% 
NaOHaq 
(70'^C) 


o 


o 


o 


o 


10wt%NH3aq 
(23°C) 


O 


o 


O 


o 


Isopropanol 

(23X) 


O 


o 


O 


o 


Acetone 
(23°C) 


o 


o 


o 


o 


Ethyl acetate 
(23°C) 


o 


o 


o 


o 
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INDUSTRIALAPPLICABILITY 

The present invention provides an adhesive material used in the fields of 
electronic circuit materials, semiconductor materials, optical materials or the like 
wherein demands for performance and qualities are strict, and an adhesive film using 
the adhesive material. In particular, the adhesive film of the present invention 
provides an adhesive film particulariy having high heat resistance, adhesive 
characteristics with no adhesive residue, and further chemical stability for surface 
protection uses, transport: or storage uses, treatment uses with a chemical solution, 
heating treatment uses, and grinding or polishing processing uses. 

Furthermore, the adhesive film of the present invention is an adhesive material 
made of olefinic materials and capable of solving the environmental problems. 
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